Zearalenone (ZEN) is a frequent contaminant of animal feeds, but systemic effects on fish and possible metabolic costs have not yet been investigated. In order to fill this gap a feeding trial with juvenile carp was conducted. The fish were fed ZEN-contaminated diets at three concentrations (low: 332 μg kg , and high: 797 μg kg −1 final feed, respectively) for four weeks. Possible reversible effects of ZEN were evaluated by feeding an additional group with the mycotoxin for four weeks period and the uncontaminated diet for further two weeks. After that possible ZEN effects on enzyme activities in kidney, spleen, liver and muscle tissue were investigated to get an organism-wide aspect of ZEN effects. Most organs appeared to (over)compensate ZEN effects during the exposure to this mycotoxin, which caused metabolic costs. Oxygen consumption increased in fish treated with the two higher ZEN concentrations via the diet. The differences between the treatments persisted also after the recovery phase of two weeks. Thus, the present study provided evidence of effects of ZEN on carbohydrate metabolism, lipid peroxidation in organs and metabolic oxygen demand. This is the first evidence for increased metabolic costs in a fish species due to exposure to the mycotoxin ZEN.
Introduction
The knowledge on the occurrence of zearalenone (ZEN) in animal feed including fish feeds is increasing (Santos et al., 2010; Pietsch et al., 2013; Greco et al., 2015) . In parallel, research on the toxicological effects of ZEN is accumulating. Oral uptake of ZEN has been found to cause hepatotoxic, immunotoxic and genotoxic effects in fish (Pietsch et al., , 2015b . Furthermore, haematological and reproductive responses were investigated Johns et al., 2009; Schwartz et al., 2010; Woźny et al., 2012; Bakos et al., 2013) . In contrast, metabolic consequences in terms of increased energy expenditure due to ZEN exposure have not yet been shown. Fish need energy for meeting the demands of physiological maintenance, growth, and reproduction. However, exposure to chemicals is known to cause physiological stress which in turn increases metabolic costs (Beyers et al., 1999) . If additional costs due to damage from chemical exposure are imposed upon fish, they must reallocate energy expenditures in order to repair the affected system. While it has been shown that ZEN does not influence feed conversion and growth rates of fish including carp Döll et al., 2011) , effects on the immune system and hematological parameters appear to be a major action of this mycotoxin in carp (Pietsch et al., , 2015b . The estrogenic potential of ZEN was discussed, however studies on this aspect yielded contradictive results depending on the fish species, the life stage, the route of exposure and the exposure dose Johns et al., 2009; Schwartz et al., 2010; Bakos et al., 2013) .
Irrespective of the chemicals`mode of action, the physiological systems of organisms compensate for specific effects from exposure to the contaminant. Hence, homeostatic mechanisms are induced in order to reestablish equilibrium. This may affect appetite and can cause a loss of equilibrium, and behavioral changes in fish (Beyers et al., 1999; Weis, 2014) . When physiological adaptation to a chemical stressor has been accomplished, the fish enter the stage of resistance. This stage may be associated with increased metabolic rates, since the mechanisms necessary for compensation for the effects of a chemical stressor become part of the normal cost of living for exposed animals. Many fishes are not evolutionarily adapted to the elevated energetic costs of compensating for anthropogenic stressors and this probably also includes the effects due exposure to mycotoxins. Thus, for a while contaminant effects can be compensated for, but if a stressor is of sufficient magnitude and the fish are exposed for a sufficient period of time, they enter the third stage of adaptation: the phase of exhaustion. This includes cumulative effects of long-term exposure to stressors which eventually lead to premature death of the individual. Chemical stressors may, thus, result in mortality since the physiological systems that are needed for compensating for toxic effects become exhausted and stop functioning (Schulte, 2014) .
The investigation of metabolic rates may indicate the physiological status of an animal, for example, during adaptation to a chemical stressor. While metabolic rates can accurately be measured by direct calorimetry (van Ginneken and van den Thillart, 2009) their measurement by swimming and resting respirometry is more common . The latter methods estimate metabolic rates of aquatic organisms from measurements of oxygen consumption rates (MO 2 ) which can more easily be measured in water than small changes of temperature due to the activity of aquatic organisms in calorimeters.
Since previous studies indicated hematological, genotoxic, and immunological effects of ZEN in carp (Pietsch et al., , 2015b , the present study investigated the effects of ZEN on organ condition more closely and measured oxygen consumption rates. This was necessary to show that systemic impact of ZEN on carp is paralleled by an influence on metabolic rates.
Materials and methods

Chemicals
All chemicals were obtained from Sigma (Buchs, Switzerland) unless indicated otherwise.
Preparation of feeds
Experimental diets without inclusion of cereal ingredients have been prepared to exclude contamination of the final feed with natural Fusarium mycotoxins. Feed production and their experimental contamination with zearalenon (ZEN, purity N99%, purchased from SigmaAldrich, Switzerland, lot-no. 041M4054V) have been described previously . The final feeds showed three different ZEN concentrations: low medium and high (332 μg kg and 797 μg kg −1 final feed, respectively) whereas the control diet was not supplied with ZEN and consequently did not show detectable ZEN levels measured according to the method of the "Verband Deutscher Landwirtschaftlicher Untersuchungs-und Forschungsanstalten" (VDLUFA-Methodenbuch III, 2006) using HPLC with fluorescence detection after a clean-up with IAC (immunoaffinity column, ZearalaTest, Vicam, Klaus Ruttmann, Hamburg, Germany). The detection limit was 2 μg kg −1 and mean recovery was approximately 79%. To exclude malnutrition in experimental groups the final diets were isonitrogenous and isocaloric , and were stored at 4°C until use.
Exposure of fish
Juvenile carp were fed the experimental diets for four weeks at a feeding intensity of 3% in a flow-through system. The rearing conditions of this feeding trial have been described previously . Thereafter, 6 fish per feeding group from two tanks were sampled. The recovery from ZEN feeding was investigated by feeding the remaining two tanks per feeding group with the uncontaminated diet for additional two weeks before the final sampling. All experimental procedures were approved by the Cantonal veterinarian authorities of BaselStadt (Switzerland) under the permission number 2410.
Lipid peroxidation assay and LDH activity measurements
Tissue samples were homogenized in 19 volumes PBS containing 0.1% (w/v) butylated hydroxytoluene (BHT) using an UltraThurrax (IKA Werke, Staufen, Germany) for 10 s, and centrifuged for 10 min at 10`000 g at 4°C (Centrifuge 5415R, Eppendorf, Basel, Switzerland). The supernatant was used for the TBARs assay according to Rau et al. (2004) with the following modifications. A volume of 40 μl supernatant was mixed with 200 μl TBARs solution (Holt et al., 1986) Maughan (1982) using hydrazine buffer (1.1 mM, pH = 9.0) and 227 μM NAD, and 125 U LDH from porcine heart per well. After incubation for 30 min at room temperature optical densities were measured at 339 nm and lactate concentrations were calculated from a standard curve prepared with serial dilutions from a lactate standard (998 ± 6 mg l
−1
).
Measurement of total protein in serum
Total protein content was analysed from diluted serum samples using the bicinchoninic acid (BCA) assay (Sigma) according to the manufacturer's protocol. After incubation for 60 min at room temperature, optical densities were measured at 536 nm (Infinite M200, Tecan Group Ltd., Männedorf, Switzerland).
Measurement of AST, ALT, and SDH activity
Activities of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) from samples of 20 μl serum or tissue homogenate were determined according to modified methods described by Casillas et al. (1982) after incubation for 30 min at room temperature by monitoring NADH oxidation at 339 nm (Infinite M200, Tecan Group Ltd., Männedorf, Switzerland). Sorbitol dehydrogenase (SDH) activity, that is responsible for the reversible conversion of fructose to sorbitol and vice versa, was measured in serum samples as described by Bergmeyer (1974b) using fructose as substrate. Absorption changes at a wavelength of 339 nm were recorded for 10 min (Infinite M200, Tecan Group Ltd., Männedorf, Switzerland).
Estimation of metabolic rates by respirometry
Fish were fasted for 24 h prior to the measurements to evacuate the digestive tract (Johansen and Jones, 2011; Shultz et al., 2011) and standardize a post-absorptive state that maximizes energy availability for swimming (Niimi and Beamish, 1974) . Prior to the determination of metabolic rates individual body masses (m) were measured directly on a balance. Seven fish per treatment group (m = 35.4 ± 1.5 g; means ± SEM) were selected randomly for measurement of oxygen consumption in the four-channel respirometer. The resting respirometry system (DAQ-PAC-F4X, Loligo Systems, Copenhagen, Denmark) that was used consisted of four cylindrical chambers (volume 5 L, ID 100 mm x length 250 mm), fitted with fibre optic oxygen probes and immersed in a darkened, temperature-controlled plastic tank (950 × 810 × 200 mm, length × width × height) filled with aerated freshwater. The water temperature was maintained at 25.6 ± 0.1°C (mean ± actual range).
For each measurement three individuals were assigned to chambers in a random order. The fourth chamber, without fish stocking, was used to assess changes in oxygen levels originating from bacterial load. These background rates of respiration were significantly lower than in the chambers containing fish and accounted for b 10% of the oxygen consumption compared with the chambers containing fish which is also lower than reported for other respirometer measurements . In the present study, MO 2 was measured using intermittent-flow respirometry (Steffensen et al., 1984; Steffensen, 1989) . Individual chambers were connected to flush pumps (Eheim, 5 L/min) that turned on intermittently after each MO 2 determination to replenish the chamber with oxygenated freshwater. A closed-loop recirculation pump also mixed the water inside the chamber during MO 2 determinations. Oxygen levels in the respirometer were recorded using a Fibox 3 fiber optic oxygen meter (PreSens, Regensburg, Germany) using the AutoResp 1 respirometry software (AutoResp, Loligo Systems, Danmark). Periods of 13.5 min were used for the determinations with a 180 s flush, 30 s wait and 600 s measurement cycle. Once an individual's length and mass were input into the software, the fish was placed in the respirometer and left to habituate to the chamber for at least 30 min in the flush modus until oxygen consumption rates stabilized (Johansen et al., 2010; Binning et al., 2013) . Thereafter, three determinations were run without using the data for later calculations to allow fish to adapt to the measurement procedures in the test chamber. Previous resting respirometry studies have averaged either three (Cutts et al., 2001; Brick and Cech, 2002; Cutts et al., 2002 or six MO 2 measurements to obtain estimates for swimming metabolic rates (Schurmann and Steffensen, 1997; Gingerich et al., 2010; Norin and Malte, 2011; Shultz et al., 2011) . For the present study, ten measurements for consistency with MO 2 calculations were averaged for each set of fish, and MO 2 (mg O 2 h −1 kg −1
) were calculated for seven individual fish per treatment group.
Statistics
Effects of treatments were determined by comparison of treatment groups by using Kruskal Wallis tests followed by Mann-Whitney U test (SPSS 9.0 for Windows). Relationships between parameters were evaluated using Spearman correlation tests. Differences between treatment groups were considered statistically significant when P b 0.05. (Table 1) showing lower activity in trunk kidney in fish treated with the medium than in fish treated with the low ZEN dose. In gill tissue, there was a higher LDH activity in fish treated with the high ZEN dose compared with fish fed the medium ZEN feed. In addition, muscle samples of fish fed the low ZEN diet showed a higher LDH activity than control fish. However, no differences in LDH activities could be observed in the other organs or any of the organs after two weeks of recovery, although the activities of LDH in liver after the first sampling and after the recovery phase showed a strong correlation (Spearman correlation coefficient, 0.730, and significance, p b 0.000), whereas the LDH activity in spleen showed an inverse correlation between these time points (Spearman correlation coefficient, −0.427, and significance, p = 0.037).
Results
LDH activity was investigated in different organs
The activities of SDH, ALT and AST in liver are shown in Table 2 . After four weeks of ZEN feeding no differences of these enzyme activities have been noted, but after two additional weeks of feeding the uncontaminated diet, SDH activities in fish fed the high ZEN dose showed higher activity levels compared with the control fish. At this time point, also a positive correlation between the ZEN concentrations during the previous feeding period and SDH activities in liver after recovery have been observed (Spearman correlation coefficient, 0.490, and significance, p = 0.015). Moreover, SDH activity in liver (Table 2) is also significantly correlated with SDH activity in serum (Table 3 ) after four weeks of experimental feeding (Spearman correlation coefficient, −0.461, and significance, p = 0.031).
Moreover, after the recovery phase the AST activity was lower in liver of fish previously fed the medium ZEN dose compared to those fed with the high ZEN diet, whereas the ALT activity in liver tissue was not influenced by ZEN feeding.
Several biochemical parameters in serum samples were influenced by ZEN feeding (Table 3 ). This included LDH activity in serum after four weeks of feeding which was lower in fish fed the highly contaminated ZEN diet compared with fish belonging to the other feeding groups. This difference was also present after two more weeks of feeding of the uncontaminated diet compared to all treatment groups. However, only after the four weeks of ZEN feeding, there was a positive correlation of ZEN concentrations with the LDH activity in serum (Spearman correlation coefficient, 0.454, and significance, p = 0.034). Four weeks of feeding ZEN also led to a difference in total serum protein levels between fish fed the medium ZEN dose and the high ZEN dose. Moreover, after the recovery phase, the serum lactate levels in fish treated previously with the highly ZEN-contaminated diet were found to be higher than in the remaining treatment groups. In addition, ALT activity in serum of fish treated with the low and medium ZEN dose was lower than in the control group and after the recovery phase of two weeks.
In liver tissue, lipid peroxidation was decreased by feeding the highest ZEN concentration whereas no difference was found in this organ after two weeks of recovery (Fig. 1A) . Similarly, gills showed reduced lipid peroxidation, but only after exposure to the low dose ZEN diet, and to the high dose ZEN diet after the recovery phase (Fig. 2B) . In addition, head kidney samples indicated reduced lipid peroxidation in fish that had been exposed to the low dose ZEN diet with additional two weeks of recovery (Fig. 3A) . Organ damage as indicated by increased lipid peroxidation also occurred in spleen of fish fed the low dose ZEN diet for four weeks, and in the groups exposed to the medium and higher ZEN concentration after the recovery phase (Fig. 3C) . Moreover, no differences in lipid peroxidation after ZEN feeding were observed in intestine (Fig. 1B) , white muscle tissue ( Fig. 2A) and samples from trunk kidneys (Fig. 3B) . Finally, significant differences in the respiratory oxygen demand of fish treated with the medium and high ZEN-contaminated diet compared with the control diet were observed (Fig. 4) whereas the difference to the low ZEN diet was not significant (P = 0.073) compared with the control fish. Nevertheless, a correlation of ZEN concentrations with the respiratory oxygen demand of the experimental fish has been noted (Spearman correlation coefficient, 0.399, and significance, p = 0.035). In addition, the respiratory oxygen demand of the carp showed also a relationship with the LPO level in liver after ZEN feeding and after the recovery phase (Spearman correlation coefficients, 0.453 and 0.449, and significance, p = 0.026 and p = 0.028, respectively). Moreover, the results of the respirometric measurements also correlated well with the SDH activity in liver and the ALT activity in serum after the recovery phase (Spearman correlation coefficients, 0.616 and 0.001, and significance, p = 0.026 and p = 0.045, respectively).
Discussion
Toxicity of ZEN has been identified in different organs of vertebrates including fish. In fish, hepatotoxic, immunotoxic and genotoxic effects, effects on reproduction and changes of blood parameters have been described so far (Pietsch et al., , 2015b Johns et al., 2009; Schwartz et al., 2010; Woźny et al., 2012; Bakos et al., 2013; Woźny et al., 2015) . Toxicity of ZEN has thereby mostly been assumed to be due to its possible endocrine and developmental impairment since it is a potent phytoestrogen (Bakos et al., 2013; Woźny et al., 2015) , but several effects of ZEN on fish cells have also been related to oxidative stress (Pietsch et al., 2014a) . In other vertebrates also cytopathic and calcium-triggered apoptotic modes of action after ZEN treatment have been described (Vlata et al., 2006; Jilani and Lang, 2013) .
The present study provides more evidence of organ-wide effects of ZEN in carp and reports a large variety of biochemical serum parameters which are known to be affected by many endogenous and exogenous factors including age, health condition, nutrition or stress, including chemical stress (Svobodova et al., 2006; Hoseini and Ghelichpour, 2013) . Total protein content in serum of all carp used in the present study was slightly lower in most cases (Table 3 ) compared with previously reported values in other studies (Hoseini and Ghelichpour, 2013; Varga et al., 2013; Pietsch et al., 2014b) . Serum total protein levels are known to reflect nutritional condition of carp and it may still be assumed that in general the nutritional status of the fish was sufficient in the present study (Navarro and Gutiérrez, 1995) . No evidence for an influence of ZEN feeding on blood glucose could be observed, although possible variations of blood glucose might also have been compensated in ZEN-treated fish. Similar to other fishes, carp are known to maintain blood glucose levels even after prolonged starvation (Navarro and Gutiérrez, 1995) . Serum lactate levels in all fish are comparable to values in unstressed fish in other studies (Pottinger, 1998; Hoseini and Ghelichpour, 2013) , and lactate values in ZEN-treated carp after four weeks of treatment were not different compared to the control fish. However, a higher serum lactate value was observed in ZENtreated fish after the recovery phase. This may be caused by reduced LDH activity possibly in combination with an activation of gluconeogenesis to maintain or increase levels of circulating glucose in carp (Hoseini and Ghelichpour, 2013) . In addition, lactic acid in the blood circulation can increased in order to replenish glycogen in recovering muscle via gluconeogenesis as has been observed in anaerobic swimming muscle of the teleost fish Pleuronectes platessa L. after exhausting exercise (Batty and Wardle, 1979) . Thus, it can be assumed that ZEN affects anaerobic metabolism in carp. In parallel, LDH activities were decreased Table 2 Liver parameters in ZEN-treated fish and in fish after recovery of two weeks, n = 6 per group, mean ± SEM; means with the same letter are not significantly different from each other (significance tested with Mann-Whitney U-tests, P b 0.05), SDH = sorbitol dehydrogenase, AST = aspartate aminotransferase, ALT = alanine aminotransferase. ] 4.3 ± 1.5 2.9 ± 0.8 2.6 ± 0.6 3.1 ± 0.9 AST [U mg protein 24.4 ± 9.8 32.4 ± 7.6 19.6 ± 4.7 39.4 ± 9.1 Table 3 Serum parameters in ZEN-treated fish and in fish after recovery of two weeks, n = 6 per group, mean ± SEM; means with the same letter are not significantly different from each other (significance tested with Mann-Whitney U-tests, P b 0.05), LDH = lactate dehydrogenase, SDH = sorbitol dehydrogenase, AST = aspartate aminotransferase, ALT = alanine aminotransferase.
Free glucose [μM ml −1 ] 3.1 ± 0.3 2.8 ± 0.2 3.0 ± 0.2 3.9 ± 0.6 Lactate [μM ml ] 7.7 ± 2.7 6.8 ± 2.2 10.7 ± 1.6 7.0 ± 1.7 AST [U mg protein Total protein [mg ml −1 ] 17.8 ± 1.3 17.9 ± 1.3 15.3 ± 0.6 16.7 ± 1.0 in serum of carp fed the highest ZEN dose compared with the control fish which was also observed after feeding similarly treated fish for two more weeks with the uncontaminated diet. Since increased LDH activity in blood circulation would be related to organ damages indicating membrane leakage in tissues as has been shown after exposure of carp to toxic concentrations of pesticides and the mycotoxin deoxynivalenol (Asztalos and Nemcsok, 1985; Pietsch et al., 2014b) , these are not indicated in serum samples of ZEN-treated carp. Despite effects on LDH activities, significant increases of AST and ALT have been observed in carp that have been exposed to handling stress, regular exercise or toxic substances such as deoxynivalenol, microcystins and cyanide (Carbis et al., 1997; Li et al., 2004; Dobšíková et al., 2009; Sadati et al., 2013; Varga et al., 2013; Pietsch et al., 2014b) . Compared to this, ZEN-treated carp only showed minor effects on AST and ALT activities after four weeks as well as after two more weeks of feeding the uncontaminated diet. SDH activity, which is primarily found in liver, has also been investigated in the present study, since it has been shown to be a precise, but not disease-specific measure of sublethal liver damage in mammalian species (Wiesner et al., 1965; Travlos et al., 1996) . In the present study, increased SDH activity was observed in liver of carp fed the high ZEN dose followed by additional feeding for two weeks with the uncontaminated diet. Increased SDH activity in liver has also been observed after exposure of fish to toxic substances (Sastry and Siddiqui, 1982; Dixon et al., 1987) . Moreover, SDH in liver inversely correlated with SDH activity in serum after four weeks of experimental feeding. Compared to the present study, SDH activity in serum of carp was slightly higher in another feeding study using carp which showed reduced SDH activity after being fed a diet contaminated with 953 μg of the mycotoxin deoxynivalenol per kg feed for four weeks (Pietsch et al., 2014b) . Consequently, the symptoms of carp exposed to ZEN partly resemble the situation of fish after exposure to sublethal concentrations of carbamate pesticide or the mycotoxin deoxynivalenol since these showed increases of LDH and decreased SDH activity in several organs often accompanied by hyperglycaemia and hyperlactaemia, which suggested that anaerobic metabolism was favored (Sastry and Siddiqui, 1982; Pietsch et al., 2014b) .
In parallel, lipid peroxidation was low in liver, head kidney and gills of ZEN-treated fish. This was probably due to cellular mechanisms that counteract or even over-compensated the effects of ZEN on these organs. Only in spleen, increased lipid peroxidation occurred in fish fed the low dose ZEN diet and in both groups exposed to the higher ZEN concentration after the recovery phase. Increased lipid peroxidation is often caused by oxidative stress which has already been shown to be involved in ZEN toxicity in fish cells (Pietsch et al., 2014a) . In addition these results show that, recovery of two weeks did not improve the organ status in all cases. Moreover, intestine, white muscle tissue, and samples from trunk kidneys showed no differences in lipid peroxidation after ZEN feeding.
In summary, the conducted experiments proved that ZEN exposure of carp affects several organs in this fish species and leads to metabolic alterations. Since the contamination of experimental diets containing the low dose was comparable to ZEN values in commercially available feeding stuffs (Pietsch et al., 2013) and all concentrations were lower than the current guidance value by the European Commission of 2 mg kg −1 feed (European Commission, 2006) , the used range of ZEN is highly relevant for fish in aquaculture. This will be even more important when metabolic rates in fish are concerned. It has already been shown that irrespective of the chemical mode of action, foreign substances are able to influence metabolic rates (MacLeod and Pessah, 1973; Beyers et al., 1999) , and the present study indicates that the same is true for ZEN exposure of carp. However, it is also known that temperature, mass and activity affect fish respirometry measurements (Schurmann and Steffensen, 1997; Johansen and Jones, 2011; Shultz et al., 2011; Roche et al., 2013) . Body masses of fish were not significantly different between the treatment groups and temperature was kept constant during the experiments. Differences of motoric activity have not been obvious from the present study. Temperatures have been kept constant during the entire experiments. Thus, it is concluded that ZEN was responsible for the differences in oxygen consumption in ZEN-treated carp. Fish that are exposed to chemical stressors are known to activate physiological mechanisms in order to maintain homeostasis (Barton, 2002) . If the effects of chemical exposure cannot be compensated for, then damage occurs and repair mechanisms must be activated. While it is difficult to identify individual processes that take part in these mechanisms, metabolic rate is a good measure of the energy being expended for compensation because it integrates all physiological processes. Since the exact cellular targets of ZEN in fish and the resulting impact on their well-being have not yet been completely revealed, the measurement of metabolic rates is important to show organism-wide consequences of the exposure to this mycotoxin. The present study shows that routine metabolic rate is influenced by ZEN exposure which is consistent with the general concept of adaptation. During the first stage of adaptation, the amount of energy for compensating for stressor effects declines because toxic effects combined with the side effects, such as lethargy and loss of appetite, and then increases until homeostasis is achieved. However, growth performance of carp is not influenced by ZEN feeding and effects of ZEN on the fish's appetite have not been observed during the entire duration of the experiments . The present results, therefore, suggest that after four weeks of exposure to ZEN carp had progressed to the second stage of the general adaptation syndrome where compensations costs belong to the "normal" costs of living, which is reflected by a higher metabolic rate in exposed fish. This probably also has consequences for husbandry of fish in aquaculture, because further stressors may lead to cumulative effects of multiple stressors which can deplete an organism's reserves, thereby reducing its ability to cope.
Conclusions
ZEN influences anaerobic metabolism but also increases metabolic costs in carp as has been shown by respirometry. These effects occurred at dietary concentrations that are below the maximum allowable levels recommended by the European Commission (2006) which raises concern about impairment of fish health by improper feeding in aquaculture. Complete recovery from ZEN effects was not achieved after two weeks of feeding the uncontaminated diet which emphasizes the negative impact of this mycotoxin on carp. In addition, the environment of an organism plays an important role in its ability to compensate for effects of contaminant exposure and the consequences of cumulative effects of multiple stressors should be investigated more in detail in the future. 
